Estimates of the nuclear DNA (nDNA) content in the yeast cells of 43 strains of Leucosporidium scottii, Rhodosporidium toruloides, and related yeast taxa were analyzed by fluorescence microscope photometry. Quantitative differences of nDNA contents occur among 18 strains of L, scottii. Four groups of strains with similar nDNA content were recognizable in L. scottii. One group contained only one strain (IFO 9474) which was characterized by the Q-7 system. The respective strains of the remaining three groups had either Q-9 or Q-10 as the major ubiquinone system, except CBS 8188 having both of these. Some mating strains of L. scottii had almost twice the amount of nDNA as the presumed haploid value. In contrast, both mating type A and a strains of R. toruloides had nearly identical average nDNA contents. Our results suggest the presence of aneuploidy among yeast cells of L. scottii.
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Leucosporidium scottii is assigned to the teliospore-forming basidiomycetous yeasts (9) . It has a multiple allelic bifactorial sexual incompatibility system, and mating is controlled by two factors designated A and B. Five A and three B factors have been identified (4) . In addition, some strains are capable of homokaryotic formation of teliospores.
Recently, a taxonomic revision of L. scottii has been required because of its heterogeneity of ubiquinone systems and low reproducibility of the mating reaction. Our recent studies (Joo et al. unpublished data) suggested that strains of L, scottii have a low reproducibility of the mating response, and some strains do not agree with those of the reference (4). In addition, the major ubiquinone systems of this species are heterogeneous. Most of the strains have Q-9 or Q-10 as the major ubiquinone system, and exceptionally Q-7 exists in a strain (IFO 9474) also (28).
The cytometric analysis of fungal nuclear DNA contents has contributed to the elucidation of life cycles of species, e.g., Armillaria mellea (5, 15, 16) and Rhodosporidium toruloides (1) . It can also be used to determine degrees of ploidy within species, e.g., Schizosaccharomyces pombe (21), Phytophthora infestans (22-24), Itersonilia perplexans (2) and to compare DNA contents of different species belonging to the same genus (I1) or of species belonging to different genera (3, 10, 25) .
In this study, we have determined the nuclear DNA contents in strains of Leucosporidium scottii, Rhodosporidium toruloides, and related yeast taxa, and discussed their taxonomic implications.
MATERIALS AND METHODS
Strains and cultivation. The strains used in this study are listed in Table 1 . Saccharomyces cerevisiae strains X2180-1A (mating type a, haploid) and X2180-1 AB (diploid) were used as reference strains for determining DNA content. Yeast cells were incubated up to stationary phase in YM broth, consisting of 0.3% (w/v) yeast extract, 0.3% (w/v) malt extract, 0.5% (w/v) peptone and 1% (w/v) glucose.
Determination of nuclear DNA contents. The cells were stained with propidium iodide (PI). The staining solution was a modified NS solution (20), consisting of 20 mM Tris/HC1 (pH 7.4), 0.25 M sucrose, 7 mM 2-mercaptoethanol, 0.4 mM phenylmethyl sulfonyl fluoride, 1 mM EDTA, 1 mM MgCl2, 0.1 mM CaCl2 and 0.005% (w/v) chlorhexidine gluconate. Propidium iodide and RNase A (Sigma) were added to the solution at final concentration of 5,ug/ml and 1 mg/ml, respectively. The cells were washed with distilled water by centrifugation and suspended in the staining solution. The cell suspension was then incubated at 37°C for 12 h for complete digestion of RNA. Cell shapes and the DNA content of nuclei were observed using an Olympus BHS-RFK epifluorescence microscope with phase contrast.
The DNA content of the respective nucleus was determined directly using a HAMAMATSU-C 1966 video intensified microscope photon counting system (VIMPCS, Hamamatsu Photonics Ltd., Hamamatsu, Japan). Relative fluorescence was obtained on each nucleus with VIMPCS, and the fluorescence intensity was correlated to DNA content (fg) using haploid and diploid strains of Saccharomyces cerevisiae as reference. The nDNA content of a given culture was determined by measuring a random sample of 30 to 50 cells. 
RESULTS AND DISCUSSION
It was possible to estimate the DNA content of nuclei and thus to determine the relative ploidy by fluorescence microscope photometry. The average fluorescence intensity of the stationary phase cells of Saccharomyces cerevisiae haploid strain, X2180-1A, was used as a standard value and the fluorescence value was adjusted to 18, as the haploid DNA content of this organism is reported to be 18 fg (17) .
Listed in Table 1 are the average amounts of nuclear DNA and some taxonomic characteristics of the strains used, including the major ubiquinone of L. scottii strains and related taxa.
We determined the nDNA contents of 18 strains of L. scottii. Strains can be divided into four groups on the basis of their nDNA contents, and the major ubiquinone system (Fig. 1) . Nuclear DNA contents of the strains in group 2 ranged from about 40 to 60 fg, which values were almost half the amount of those of the self sporulating of group 4. We assume that these represent haploid and diploid strains, respectively. As shown in Fig. 1 , most of mating strains were included in group 2. Quantitative differences of nuclear DNA contents were found in some mating strains of L. scottii. Especially, almost double amounts of the haploid DNA contents were found in the strains CBS 5931, CBS 6562 and CBS 2281 assignable to group 4. Nuclear DNA contents of strains CBS 8162 and CBS 8037 (group 3) ranged between that of groups 2 and 4. IFO 9474 (group 1) had the lowest nDNA content among L. scottii strains. It had Q-7 as the major ubiquinone system (28), and its nuclear DNA content is remarkably small, i.e., presumably lower than half the amount of haploid strains. However, our observation of the cell wall ultrastructure of this strain revealed a two-layered cell wall, typical ascomycetous type (unpublished data). So, strain IFO 9474 is misidentified and must be excluded from L. scottii. Nevertheless, the ubiquinone system and nuclear DNA content support a revision of the taxonomic placement of this strain (28).
In contrast, hardly any difference in nDNA contents was found among 13 mating type strains of Rhodosporidium toruloides (Fig. 2) . The average values were 35 to 46 fg. The average contents of DNA in nuclei of eight mating type A strains of R. toruloides were about 40.4 fg, whereas those of five opposite mating type a strains of the same species were about 39.9 fg. Therefore, both mating type strains of R. toruloides are considered to have an identical genome size, and the ploidy shift as occurring in L. scottii was not found in R. toruloides. Also, almost equal amounts , showed the lowest value, i.e., 13.0 fg; this value is lower than the DNA content of haploid cell nuclei of Saccharomyces cerevisiae X2180-1A and is almost one seventh of Leucosporidium scottii IFO 0736 (90.3 fg). Erythrobasidium hasegawianum IFO1050 (8) and Sporobolomyces elongatus (14) , both characterized by Q-10 (H2), a rare major ubiquinone system among the basidiomycetes, had different nDNA contents, i.e., the former was found to have 54.4 fg, whereas the latter had 32.3 fg. Sympodiomycopsis paphiopedili IAM 13459 (19) had a comparatively low nDNA content, which almost equals the DNA content of a haploid nucleus for S, cerevisiae.
Finally, Saitoella complicata IAM 12963 (6) formerly identified as Rhodotorula glutinis, which is now considered to be ascomycetous in the light of a negative Diazonium Blue B reaction and a two-layered cell wall ultrastructure, had a different DNA content from R. glutinis CBS 347. In addition, the genome size of S complicata inferred from nDNA content nearly equals that of a diploid nucleus of S. cerevisiae.
In conclusion, the quantitative differences of nDNA contents have been investigated in Leucosporidium scottii, and our results suggest the presence of aneuploidy among strains of L, scottii. Further chemotaxonomic studies such as SUH, KUROIWA, and SUGIYAMA VOL. 39
